The present article aimed to evaluate the impact of congenital Müllerian anomalies (MA) on twin pregnancy after 24 gestational weeks in Korean women. All records of twin pregnancies in a large maternity hospital in Korea between January 2005 and July 2013 were analyzed. Patients with monochorionic monoamniotic (MCMA) twins, non-Korean patients, patients with twins delivered prior to 24 gestational weeks, and patients with miscarriage of one fetus or intrauterine fetal death (IUFD) before 24 gestational weeks were excluded from data analysis. In total, 1,422 women with twin pregnancy were eligible for data analysis, including 17 (1.2%) who had a known congenital MA (septate uterus, bicornuate uterus, arcuate uterus, and unicornuate uterus). Except for the mode of conception, baseline demographics were similar between women with MA and those without MA. No significant differences were found in pregnancy outcomes of gestational age at delivery (p = .86), birth weight of smaller and larger twins (p = .54 and p = .65), and number of twins with birth weight <5th percentile for gestational age (p = .43).The rates of obstetrical complications such as pre-eclampsia, gestational diabetes mellitus (GDM), placenta previa, cerclage, IUFD, and postpartum hemorrhage were not significantly different between the two groups either. We concluded that the presence of congenital MA may not increase obstetrical risks in outcomes of pregnancy of twins delivered after 24 gestational weeks.
Congenital MA of the female reproductive tract comprise a range of abnormalities caused by failure of any part of the complex developmental series of the female reproductive tracts, including failure of Müllerian duct development, elongation, fusion, canalization, and septal resorption. In MA, cervix, fallopian tubes, vagina, and uterine anomalies are most common. The prevalence of MA in the general population is unknown, but several recent studies indicated that MA occurs in approximately 1-4% of reproductive-aged women, and 2-8% of infertile women (Chan et al., 2011; Lin et al., 2002; Propst & Hill, 2000; Simon et al., 1991) . Although some patients have no significant clinical symptoms, congenital MA is associated with infertility and/or adverse pregnancy outcomes: approximately 5-10% of women with MA have been documented to have experienced recurrent early pregnancy loss and up to 25% of women have experienced late first-or second-trimester pregnancy loss, preterm labor, or fetal malpresentation following cesarean delivery (Lin et al., 2002; Propst & Hill, 2000; Simon et al., 1991) .
A meta-analysis based on nine studies consisting of 3,805 patients with MA (Chan et al., 2011) evaluated the effects of three types of MA (arcuate uteri, canalization defects, and unification defects) on reproductive outcomes. The meta-analysis found that while all three types were significantly related to fetal malformation at delivery, arcuate uteri was specifically associated with increased rates of second-trimester miscarriage, canalization defects, and with reduced pregnancy rates, increased rates of firsttrimester miscarriage, and preterm birth, and unification defects as associated with increased rates of preterm delivery. However, all of the cases included in the meta-analysis were about singleton pregnancy, and none about twin pregnancies. Studies of the impact of MA on twin pregnancies were rarely done. To the best of our knowledge, only 14 case reports (Ahmad et al., 2000; Arora et al., 2007; Aruh et al., 2005; Brown, 1999; Check et al., 1992; Cruceyra et al., 2011; Doruk et al., 2013; Kekkonen et al., 1991; NahraLynch & Toffle, 1997; Nahum, 1997; Nanda et al., 2009; Nohara et al., 2003; Sugaya, 2010; Weissman et al., 2006) , and one comparative study (Fox et al., 2014) examined the effect of MA on twin pregnancies to date. These studies also suggested that the presence of MA in twin pregnancies significantly increased the risks for negative reproductive outcomes, including cerclage, preterm birth, and lower birth weights and other obstetrical complications.
Due to a recent rapid development of various assisted reproductive technologies (ART), the rates of twin births have been increased dramatically worldwide. For example, the twinning rates rose from 18.9 in 1980 to 33.7 per thousand live births in 2013 in the United States (Martin et al., 2015) . In South Korea, twin births increased from approximately 10 in 1981 to 18.8 per thousand births in 2007 (Hur & Kwon, 2005; Hur & Song, 2009 ). As clinicians generally recommend ART to women with congenital MA who experience infertility, the incidence of twin pregnancies in women with MA is expected to increase in the future. However, twin pregnancy itself is well known to have increased risks in obstetrical complications, such as pre-eclampsia (Krotz et al., 2002) , and negative outcomes of pregnancy such as preterm delivery (Kogan et al., 2002) and low birth weight (Martin et al., 2015) . Thus, it is important to investigate whether or not the presence of MA confers additional risks on twin pregnancies. In this study, we reviewed all records of twin pregnancies in a large maternity hospital in Korea between January of 2005 and July of 2013 and compared obstetrical outcomes and complication rates in twin pregnancies with and without congenital MA.
Materials and Methods
In a review of maternity records, we used the following inclusion criteria for data analysis: (1) twins delivered after 24 gestational weeks; (2) initially triplet pregnancy reduced to twin pregnancy at the time of delivery due to miscarriage of one fetus, IUFD, or selective abortion before 24 gestational weeks; (3) one or two fetus IUFD after 24 gestational weeks. We excluded the following cases from analysis: (1) patients with MCMA twins because of the risk of cord entanglement and associated risk of IUFD or intended preterm delivery; (2) non-Korean patients; (3) patients with missed abortion of one fetus or IUFD less than 24 gestational weeks.
In our study, all of the congenital MA were diagnosed before pregnancy. We classified MA according to the American Fertility Society (1988) classification, using the combinations of at least two diagnostic tools: transvaginal ultrasonography (TVS), three-dimensional ultrasonography (3-D ultrasonography), hysterosalpingography (HSG), hysteroscopy, laparoscopy, and magnetic resonance imaging (MRI). We included the corrected anomalies such as complete or partial resection of uterine septum using hysteroscopy in the congenital MA group (AFS classifications, 1988) .
All twin pregnancies were managed following the uniform protocol of our clinic. During the first trimester, we confirmed the gestational age and chorionicity by TVS. If the patient visited our hospital after late second trimester and chorionicity was unclear, we confirmed the chorionicity by pathological examination of the placenta. We adapted the definition of birth weight percentiles for gestational age presented in standard tables for twin pregnancies (Yarkoni et al., 1987) .
Statistical analysis was performed using SPSS (version 12.0; SPSS, Chicago, IL, USA). Chi-square and Fisher's exact tests were used for analysis of categorical variables. Quantitative variables were compared by means of Mann-Whitney U tests. A p value of <.05 was considered statistically significant.
Results
During the study period, a total of 1,478 twin deliveries after gestational age of 24 weeks were recorded. Of these, 5 cases were excluded as they had MCMA twins, 36 cases were patients who were non-Korean, and 13 cases were patients who had experienced miscarriage of one fetus or two fetuses or IUFD at less than 24 gestational weeks. In total, 1,422 patients were analyzed for the purpose of the present study. Seventeen cases (1.2%) had a known congenital MA (septate uterus; n = 10), bicornuate uterus (n = 3), arcuate uterus (n = 2), and unicornuate uterus (n = 2). All of the patients diagnosed with a septated uterus underwent hysteroscopic septotomy before the twin pregnancy.
The baseline characteristics of the patients with MA and those without MA are compared in Table 1 . Only mode of conception was significantly different between patients with MA and those without MA (p < .001). However, a post-hoc analysis indicated that the rate of in vitro fertilization (IVF) was not significantly different between the two groups (64.7% vs. 71.8%; p = 59), while two other categories (natural or timed intercourse [TI] , controlled ovarian hyperstimulation [COH] + TI; intrauterine insemination [IUI] or COH + IUI) showed significant differences.
The pregnancy outcomes between the two groups are shown in Table 2 . There were no significant differences in the gestational age at delivery, birth weight of the twins, birth weight discordancy, or percentage of twins with birth weight in the <5th percentile for gestational age. Table 3 compares the rates of obstetric complications between the two groups. No statistically significant differences were observed in the rates of pre-eclampsia, GDM, placenta previa, cervical cerclage due to short cervix, IUFD after 24 gestational weeks, or postpartum hemorrhage.
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Discussion
Obstetric complications of MA were mainly due to the decreased space of the uterus, inadequate musculature, impaired distension ability during the pregnancy, abnormal myometrial and cervical function, and abnormal endometrial development that can interrupt normal early embryo development after implantation (Acien, 1993) . In twin pregnancies, these anatomic and functional defects can result in more serious negative outcomes (Braun et al., 2005; Kim et al., 2008; Leible et al., 1998) . However, our study showed that the presence of MA does not significantly increase the risks for negative outcomes or complications in twin pregnancy as long as twins survive until 24 gestational weeks, suggesting that the impact of MA may be minimal once twin fetuses reach the limit of viability. Table 4 lists cases from all studies of twin pregnancy with MA published in English to date, which included 48 cases, consisting of 14 cases from the case reports, 17 cases from Fox et al. (2014) , and 17 cases from our study. For the purpose of comparison, the list only included twins delivered after 24 gestational weeks. Although the Fox et al. study (2014) in the list is the only comparative study similar to ours, the results of the Fox et al. study are not consistent with ours. Fox et al. found that uterine anomalies were significantly associated with increased risks of cerclage (p < Multifetal reduction 3->2, uterine atony 1/0 COH + IUI Uterine septum 38+1 wks C/S Vx F/2770g, F/3120g Unremarkable 1/0 T-ET Uterine septum 35+6 wks C/S previous myomectomy Vx F/2020g, Br F/1660g
Severe pre-eclampsia Note: a Only studies of twins delivered after 24 weeks of gestational age are included. G/P = gravida/parity; IUI = intrauterine insemination; wks = weeks; C/S = cesarean section; Vx = vertex; Cx = cervix; PPROM = preterm premature ruptures of membranes; COH = controlled ovarian hyperstimulation; Br = breech; T-ET = thawing-embryo transfer; NSVD = normal spontaneous vaginal delivery; d/t = due to; M = male; c = with; F = female; BP = blood pressure; IVF-ET = in vitro fertilization-embryo transfer; IUGR = intrauterine growth restriction; CC = clomiphene citrate; R C/S = repeat cesarean section; GDM = gestational diabetes mellitus; TI = timed intercourse; Hx = history.
.05), preterm birth (p < .01), and lower birth weights (p < .05). Interestingly, our study and the Fox et al. (2014) study had the same number of cases, and furthermore, the types of MA were very similar: Fox et al. had 9 cases with septated uterus, 3 cases with bicornuate uterus, 3 cases with arcuate uterus, 1 case with unicornuate uterus, and 1 case with didelphys cases, and ours had 10 cases with septated uterus, 3 cases with bicornuate uterus, 2 cases with arcuate uterus, and 2 cases with unicornuate uterus cases. Originally, 34 cases of twin pregnancies with MA were found in our hospital during the study period. However, 11 of these cases, all of whom had septated uterus, were transferred to hospitals near the patients' homes because the patients visited our hospital only for the use of ART and wanted to give a birth in hospitals near their home. If we had included these 11 cases in our study, the results may have been different. However, we were not able to follow up these 11 cases.
Of the remaining 23 cases, except for 17 cases used in the present study, 6 cases had miscarriages before 24 gestational weeks (see the Appendix for a list of these cases). Of these 6 cases, 4 cases (1 bicornuate uterus and 3 septated uterus) had miscarriages (missed abortion) of both fetuses between 8 and 16 gestational weeks; and each of the remaining 2 cases (septated uterus) had miscarriages (missed abortion) of only one fetus, with the surviving fetuses being delivered at 41 weeks and 42 weeks, respectively. However, as the number of cases with MA and twin pregnancy that were terminated before 24 weeks was very small, it was difficult to determine causal factors that influenced mid-trimester loss versus survival. Future studies should focus on the effect of MA in the first and second trimesters of twin pregnancy to develop effective intervention strategies to improve the rate of fetal survival in early period of pregnancy.
Comparing baseline characteristics of the patients with MA and twin pregnancy between two studies, the rates of IVF pregnancy were higher in the Fox et al. (2014) study than in ours (76.5% vs. 64.7%), and while the Fox et al. study had one pair of monochorionic twins, ours had no monochorionic twins. Although both the Fox et al. study and ours were based on patients from a single hospital where patients are predominantly middle-class members, the patients in the Fox et al. study were mostly Caucasian women, whereas ours were Koreans. These differences may have contributed to discrepancies in findings between two studies. However, one should note that because of low prevalence of MA in twin pregnancy, differences in a few cases can lead to different conclusions.
For pregnancy outcomes, the mean gestational weeks at birth and the mean birthweight of twins delivered after 24 gestational weeks in patients with MA were higher in our study than in the Fox et al. study although the mean pre-pregnancy BMI of mothers with MA was almost identical and the types of anomalies were very similar in two studies. As there was no significant increase of fetal growth restriction in the MA group in the Fox et al. (2014) study, a significantly lower birthweight found by Fox et al. appeared to be a result of lower gestational weeks in their study. It may be that as compared to those in the Fox et al. study, our management strategies for women with MA and twin pregnancy were more effective in preventing preterm birth. In our hospital, in addition to routine examinations of blood pressure and maternal weight, urine tests, and monthly ultrasound measurement of fetal weight and amniotic fluid index, we put extra effort into providing regular education to our high-risk patients so that they understand the importance of preventing preterm birth and are able to detect possible signs and symptoms of preterm labor as early as possible. Whenever patients expressed any evidence of preterm labor or signals of the initiation of preterm labor, we performed uterine activity monitoring and ultrasonographic cervical assessment, and provided absolute bed rest, hydration, medication, and tocolysis if necessary. In our MA group, 10 patients delivered twins at term ( Table 2 ). Two of these 10 patients visited our emergency room for the symptoms of preterm labor but were able to delay the delivery until the full term with our intervention. We think that our education programs about preterm labor helped the patients detect early signs of preterm labor and contributed to lowering number of cases of preterm delivery in our high-risk group.
Prior studies of MA on twin pregnancy were predominantly case reports. However, a case report is not informative in studying the effects of MA in twin pregnancy because they cannot distinguish whether or not adverse pregnancy outcomes were due to twin pregnancy or to MA. Thus, comparative studies with large samples are necessary to resolve the question of whether or not MA gives additional risks in twin pregnancy. Especially given the low prevalence of MA, collecting cases with international and/or domestic collaborations may be a good strategy to address this research issue.
There were several strengths and limitations in the present study. First, although our study is one of the largest in the literature of twin pregnancy with MA, the number of patients with MA and twin pregnancy in our study was still too small to make a strong conclusion. Thus, our findings should be interpreted with a caution and need to be replicated in other large samples. Second, our study did not divide MA by specific subtype due to the small number of patients. Future studies should increase the sample size and evaluate the effects of MA at the subtype level for a deeper understanding of the association between MA and twin pregnancy. Third, a large control group is a strength of our study as we were able to compare the rates of obstetrical complications such as pre-eclampsia and GDM, in addition to pregnancy outcomes between the patient and control group, while Fox et al. (2014) only compared pregnancy outcomes that focused mostly on fetal growth and delivery. Fourth, as we managed all twin pregnancies and MA with a uniform protocol in our hospital, we could control possible confounding variables arising from different treatment protocols across different hospitals. Using a discrete classification scheme, we also thoroughly reviewed each case in the twin database in our hospital to ensure accuracy of diagnosis. Finally, our data may have a selection bias as they were derived from a single hospital located in a relatively wealthy area of Seoul, Korea. As mentioned above, we were not able to include 11 cases from small towns in our analysis, which may limit generalizability of our findings to middle-class women in Seoul. Additionally, our sample was based on Korean women only. Given racial/ethnic differences in the mean level of birthweight (Hur et al., 2005) , the impact of GDM in fetal growth (Hunt et al., 2012) , and the prevalence and severity of obstetrical complications such as pre-eclampsia (Ghosh et al., 2014) , our findings may not generalize to other ethnic/racial groups.
In conclusion, our study suggests that the presence of a congenital MA may not significantly increase risks on pregnancy outcomes and obstetrical complications in Korean women with twin pregnancy after 24 gestational weeks. Given the recent advance of ART and subsequent increase of twin pregnancies with MA, we think our data may be useful when clinicians counsel patients with MA who are at an increased risk of twin pregnancy.
